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By C. A. Hofpman and A. L. Coqper 

The fo l l a r ing  two cetrmmb were investigated for use as m-turblne 
b l a b  mater ia ls  : (a) 65 percent TIC plus 20 percent Co plus I 5  per- 
cent (CbTaTi)C and (b) 65 percent TU= plus 20 percent H i  plus l5 per- 
cent (CbT8Ti)C. C o n c u r r e n t l y ,  the effectiveness of a nuuiber of methods 
of preventing ceramal-blade-root failure xss etudied. C e r d  blsase 
were run at teqperaturee of so00 to 19ooO B ana at speeb of 10,000 
to 26,000 rpm. 'phe endurance dmxcte!rietics of these b-8 were 
c-ared utth a t e U t e  2 1  and 8-816 alloy bleaes of identical a-il 
configuration. Prior to the blade evaluatiop, phyelcal-proper- 
evaluatlone of the ceramals were e. 

r. The resulte of the wvestigation  are as follows: 

r (a) Two TIC plue Co plus (CbTd?I)C blades ran 78 and u1 hours at 
moo0 to 19ooO B and survtvea 94 and 95 percent,  respectively, of a 
l36-b- Stellite W allay a e n ~ l e .  '5e wheel speed was 10,OOO to 
l5,OOO rpm. A TIC plus lTi plus ( W e 3 l i ) C  blade ren 99 hourre at 1500° F 
and 25 hours a t  170O0 F without failure, during which time 100 percent 
each of a 10-blade S t e l l i t e  2 1  a l loy  aisqpl~ and a 5-blade 8-816 alloy 
eemple failed. The rezm3-n  18 ceramal b l a h s  investigated  yielded 
poor results as conpared with their respective a l l o y  control blsdes. 

(b) The use of platinum, capper, or n i c k e l  plate on the base of t3m 
ceramal blades was effective in e&endbg blade-root l s e ;  pbtlnum 
appeared most effective. 

(c) me Bverage short-t- teneile stre- of an BO percent TIC 
plus 20 percent Go ceramXL at  and 22W0 F were slightly greeter 
than 'those 'for the 65 percent TIC plus 20 percent Co plus 15 percent 
(CbTaTi)C c e r e .  'Ihe use of nickel rather than cobalt =e 
TIC PIUS (CbTai)c c e r d  produced si-icant reSLuctione i n  the average a 

modul~e of rrspture seengths a t  leooO, 20000, and 2200~  F and a sligat 
reduction at  24000 F. The therml-shock  resistance of the TIC plus Co 
ceramal was better than that of the Tic plus Co plus (CbTaTi)C c e r e ,  
which in turn wae better than that of the T l C  plus Nl plus (CbTaTi) 
c e r d  
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(a) The use of a solid  eolution of the mixed carbides O f  Ta, n, 
and C b ,  in the Tic Plus Co and the Tic plus H I  ceramal blades inhibi ted 
oxidation auring aperation. 

CerRmR'Is are currently being studied  for use as gas-turbine  blade 
materials. An investigation of an 80 percent titanium carbide TIC 
plus 20 percent  cobalt Co ceraml  (reference 1) indicated that 
composition possessed potentbl i t ies  as a gas-turbine blade material, 
but was limited by a susceptibillty to &dation and  by brittleness. 
The addition of-s-alia solution of the mixed cmbides of tantalum Ta , 
titsnium TI , and colunibium Cb has been found t o  improve the oxidation 
resistance of this c e r a  .appro-tely tenfold (reference 2); it 
therefare appears that the  oxidation of this cerand, and possibly of 
other TIC base ceramals, can be inhibited and that the brittle nature of 
th i s  ceramal probably ie the primary obstacle ,=ting its we as a gas- 
turbine blade materhl. 

The ob3ect of tbls investigation WSB to  determiae the life of gae- 
turbine blades made of TIC c e r e s  conttxhizng either nickel  RI or 
Co and moWied by the -tion of the solid  solution of khe. mixed carbides 
of tit-, tantalum, and columbium. It WBB anticipated that these 
laaterials would be b r i t t l e  and that stress-cancentration  effects in the 
root and consequent failure there would result; a nmiber of methods of 
minimizing the possibility of this type of failure were therefore 
investigated. The turblne speed was varied from 10,OOO t o  26,000 r p m  
and the blade temperature WBB w i e d ,  from 1500° to 1900° P. Twenty-one 
ceramal blades were Investigated and conpared with either S t e l l i t e  21 
or S - B E  a l l o y  control blsdes. 

- ._ a -  . 

Prior t o  ths blade evaluation, the follarlng phyfficd. property inves- 
t igat ions were made: '(a) the short-time m i l e  strengths of TIC plus Co . 
plus (CbTaTI)C ceramal at 18ooo and 2200' F t0 .*certain. the strength of 
this matertal as ccrmpared wfth the 80 percdnt Til: plk 20 percent CO 
ceramal, (b) the maulus-af -rupture strengths of 65 pe-rcegt TIC plus 
20 percent Co plus 15 percerit (CbTaT€)C' and 65 percent TIC plus . 

20 percent N i  lue 15 percerrt (CbTaTi)C ceramal8 at 1800°, 20000, 
22QaO d 240 J F 50 ascertain the effect upon strength of mi and Co, 
and (c) the thennal-shock reeistance of Bo -percr&t- TIC plus 20 per- 
cent Co, 65 'pec'ent' TIL: plus 20 g&cent Co plus 15 pqrcent (CbTaTilC, 
and 65 percent' Tic plus u 3 '  percent- N i  plus fi perc'ent (Cb%Ti)C 
ceramda. The phymical t e s t  specimens an5 blades evaluated in t.his 
investigation were supplied by K e n r m n e t a l ,  B c .  - .  

This investigation was conhcted at the H h A  Lewis laboratory. 

_ .  . 
". 
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A l l  eqper”ba.l boddes were iasgected for both fnterne,l and etxternal 
flaws by  radiographic and penebant-oil: methods, respectively. In ddlt ion,  
the blades m e  microscopicrtlly examinesled for surface cracks about 

’ the root. 

(a) cagper p h t e  0.004, 0.008, ana. 0.080 fnch thick and llickel 
plate 0.0025 and 0.080 inch Wck; anug f i t  in wheel 

(b) No plate, loose fit In wheel 

(2) Eularged root (*sign B, flg. 1) 

(a) Platimmr plate 0.005 or 0.0075 inch thick, elwg f i t  in  -el 

( 5 )  U g e B  rwt, copper inserts (design C, fig. I), capper p h t e  
0.005 Inch thick; snug f i t  in wheel 

(4) Alloy block cast around root (design D, f ig .  I) snug fit in wheel 

The roots were plated electrolyticslly. Tbe lost-wax precbion-investmsnt 

rooter in the case of detsign D. 
. caetlng technique was used t o  cast alloy blocks around the cerRmR1-blade 



Alloy control blades. - The blades used as etandards for capa)arison 
(control blaass) were fabricated of Sts l l l t e  21 or 5-816 alloya (refer- 
enceB 5 and 4); theee all.- had the followlug campositions : 

These  lateri isle -6 current4 being u e d  for semlce-enghe blades. The 
al loy blades were also radiographed to detect internal flaws and v i s u a l l y  
inspected for external flaws. TBe alloy and c e r d  blades were sidlar 
aa regards a ir fo i l  length and configuration. 

$valuation of Payeid Properties 

Tenrrile strength. - Short-time tensile-stremgth evaluations of the 
TIC p l u ~  co plus (CI&T~)C c e r m ~ ~ s  at ~ 8 0 0 ~  ana 22000 F were conductea . 
by use of the apparatus illustrated in f ' i v e  2. A ceramsl spec¶men is 
illustrated in figure 3; the  test-section a 4 t m  waa 0.585 Inch. A 
hydraulic tensile machine (0.50 percent lllELxirmrm machine error) eQuipped 
with an autcanatic-temperate-cmtrolled conmercial silicon carbtde tube 
f'urnace #SB wed. The ftumace xas proHded with a helium atmosphere. 
S p e c a n  teqperature WSB measured with a pbtinrrm - platinrmr-XS-percent- 
rhodium thermocouple located a t  the  center of the apecimem gage length. 

Bend.ing stresses in the specimen w'ere minimized by room-tenperaturs 
a l w t  of the spec- and the linlcage. Al-t maaaurepp6pts were 
made with electric wfre e t r a h  gages m u t e d  on the spechen at 90° .radial 
positiclns at t h e .  center of the &age lemgth aaB at nominal loads of 500 
and 3000 pounds per square Inch. Specimen 8l-t was cansidered 
sstibfactory, when the bendlng stresses were less than 20 percent of the 
average tensile stress . '' After  alinement, the epecimena  were raised to a 
temperature of 100' F above the test temperature and soaked for  4 hours 
at a nominal load of 500 pounds per sguare inch. A t  the coq?letion of the 
SO- period, the tenperatwe was reduced to the t e s t i n g  tempef8t~r8. 
A aomlpal lorrding rate of 2000 pounds per square inch per minute was used. 

Motlulus-of -rupture  evaluation. - The apparatus used in the modulus- 
of -rupture evaluations ia pfctured in  figure 4. The specimen was loaded 
by fill- the urrter receiver with water. When specimen failure occurred, 
the water supply was shut off. ec.lmene were 114 by 112 by 4 .Inc)rc?n. 
plus [CbTaTi)C ceremala mre conducted st 18080, 2ooo0, 22000 and. 2800' F. 
Emluatione of the TiC plus Co and the TlC plus H i  

h 

D 
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The spec- were supported by tw0 s i l l c o n   c a f b i b   M f e  edge6 spaced 
3.5 inches apeft a d  loaded at  the center by means of a third S p P o S ~  

knife edge. Oxidation of the epecben~ during evaluation was d e d  
by  placFPg the specimem and the U f e  edges in an argm-atmomere 
chamher munted within the f’urnace; Ergon was used at  a flow rate of 
40 cubic feet per minute. After the specimen waa placed in the abnosphere 
chdber, 10 mhutes WBS allowed for the epecimen t o  heat to the  evaluation 
temperature prior t o  loading. A nomjnal loading rate of 2000 $ounb per 
square inch per m t e  in the extzeme outer fiber at the specimen mlapoint 
was ueed.. The spechlen t v r s t u r e  wae measured by the qse of a plathum - 
platlnunL”percent-rhoMum thermcouple. %!he germanent se t  wa8 converted 
to percentage  elongation E by the u e  of the folloving equa.tion: 

d 

L length between supporting lmife edges, in. 
8 permanent set, in. 

f 
ThermaL-shock resistance. - ThrmaJ.-shock resistance of TlC plus Co 

and Tic plus Co plue  (CbTaTijC , and TtC plus Rf plus  (CbTaTi)C ceramals 
v was determined with the apparatus mustrated in figure 5. W specimen 

waa transferred from the furnace to the quenching chaniber by the use of 
a spring-loahd holder (reference 5 )   he t e s t  coneistea III Mat- a 
disk spec- (2-in. &tam. anB 1/4 In. thick) for 10 minutee, then 
quenchtrtg it in an air stream a t  70° t o  eoo F. meting tras carried  out 
Et 180O0, 200oO, 22000, ana 2400~ F; a t  each temperature, the epec- was 
wenched 25 t-6 for E cumulative total of 100 cycles or to failure, 
wMcheve!r occurred ftrst.  A wenching air velocity of approximately 
265 feet per second (50 lb/min at 700 to 800 F) WEB used initially. The 
velocity was then increased to a value of 495 feet perr s e c d  
(127 lb/min at 700 to 80° F). A nunibem of specfmens were cpenched 
from 260O0 F, with the latter air velocity.  

.... 

After the air-thermal-shock teets were coqpleted, addi t ional  water- 
thermal-shock tes ts  were made in an e f fo r t  to  d i f fe ren t ia te   behen   the  ’ 

thermal-shock resistance of the TIC plus (CbTaTi)C plus Co term and 
the TIC plus’ (CbTdi)C plus W i  cermab.  This test consisted in heating 
a disk in a conventional muffle furnace for 10 mFputes then quenchfng it 

cycles f r o m  1&ooo F and five cycles from 2000’ F or until fallure, whichever 
occurred first. The disks used had been previausly  subjected t o  atr- 

- in agitated water at 4@ to 500 F. Each specinmen was quenched flve 

- t--ShOCk tests 
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After each afr- or water-qusnchhg cycle, the spechens were -d 

rtsua;lly for evidence of cracking- when cracking (failure) was not apparent 
but suspected, the specimene were radiographically  inspected. L 

Wheel mdif icatian. - 'Ihe turbine wheel was altered In the following 
manner to  accarmncldste ceramal-blade root designs B to D, inclusive: A 
number of existing drovetail slots in the wheel =re cwpletely filletd 
wlth weld msteriel and th%s segment was nrachined to the necessary shape. 
macent blaaes were omitteU to lessen the stress on t h i s  SegmePt of 
wheel. Blades not  a part of the alloy control group m e  cut to about 

permit desired speeds to  be reached, A typical wheel, prior to operation, 
ie illu8trated in figure 6. The wheels were agaamically bslanced.priar 
to operation and therssfter, ae necessary. Balancm was generally 
sccoqplished by remvel of material From nonteet blades rather than f'rom 
the Idleel. 

3/4 the* original leDgth t o  prevent failure anB at theJ asme tm to 

Phases of blade evaluation. - The evaludion of the blade6 can be 
dlrlded into tbree phases; the fbs t  phase had the follovlng eW0 obJectives: 

(1) Evaluation of the following method8 of ndnlmlzing the possibility 
of  ceramal-blade root failure: . 

(a) NO root plrtte, loose fit tn *e& 

(b) C o p p e r  root  plate, 0.080 Inch thick, snug flt Ln wheel 
0 

(c) Nickel root  plate, 0.0025 end 0.080 inch thick, snug fit in 
*el 

(2) Obeervation of the  effectiveness of (CbTaTi)C In inhibiting 
blade oxidation during operation. 

A l l  bledes were of compositions I O F  II d were of design A (fig. I) 
except at3 noted previously. Two speeds, 10,OOO and l5,OOO rpm, were 
used, and the  estimated  blade temperature was varied f 'mm 15000 
to 19@ F. 

The second phase of the evaluation was designed t o  exambe the 
possibility of ue- the ceramals in a him stressed blade applicatian. 
The follawing four mekhode were aonourrently stuCLied as meam of p- L 

venting c--blsde root failure: 

(1) Copper root plate, 0.008 and 0.008 inch, snug fit ia wheel 

(2) Copper root shim, 0.005 la&, snug fit i n  wheel 

I 

0 
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(3) Plat- root  plate, 0.005 ssd 0.0075 Inch, 6nug P i t  in wheel 

.L (4) Th.rlnT.ged root r a w  (bhde design C, fig. 1) , cqpper plate 
0 .OOS thick; snug f i t  In wheel 

Blades of campositions I'I ana III were used. Blade design B 
(f l g  . 1) was used except en noted previously. The turbine was run 
at a speed of 26,000 rpm, which resulted in e sinlple centrffue;sl 
stress of apprcEimate4 20,OOO pounb per square inch et the mibpan of 
the S t e l l l t e  2 l  alloy control b-s anB 14,000 pounaS per square indh 
at the mibpen of the ceramn'l blades ( t h e  deneiw of the c e r e  wm 

blade temperature was 16ooo F, about F higher than currant blade 
temperatures. 

5.8 g/CC and the -1- Of the alloy W88 8.5 g/CC) The 8 S t A t e d  

The third phase of the evaluatian uaa designed to investi&e the 
possibility of utiliefng a c e r e  for blades in moderately severe 
applications. Ih =is phase, the turbine was run et a speed of 
22,850 rpn, which resulted in a stress of l6,OOO pouade ger square inch 
at the miaspaS of the 8-816 alloy control b-s and a stress cf 
10,700 pounds per square 3nch at  the midspan of tihe cersmal blaaes. 
(A Shl l i te  2 1  blade gruup was also used for purpoeee of comparison). 
!Phe estimsted blade teqperatures were SO@ and 1700' F. A blade of 
c-sitim III esld O f  deem B (fig. 1) Was used; the b h &  h d  8 - plat-  root  plate of 0,0075 Inch. 

The turbine was mtored with air for 5 minutes t o  purge the piping 
system of accumlehd gems. Conbustian was begun and operating conditions 
were obtained in about 3 -tee. lhese ccdi t ions were maintained unt i l  
blade failure occurred.;  shutdovns were made overnight. When blade failure 
occurred., w h i c h . w a a  indicated by e c m e  in the pitch of the s d  coming 
Fram the unit, conibustion was tmneaiatelg stopped and the del speed. 
was quLdsl.y reduced to effects of vibration. Operatfng timA WSB 
meamred from the beghning to end of conibustion. The a l l o y  cmizol blades 
thst failed were replaced  by sidlar blahs in ordm to  preserve ba'tnncle 
conditions. Damage to blades due to blah fra@fmntS was m.fn.tmi9ed by use 
of a fragment shield. ThLs shield cazlsisted of thln sheet metal backed by 
severa l  thiclmesses of asbestos she& about the turbine (fig. 7 )  . 
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The results of the  evaluation of the  physical  properties are as 
f o l l m :  

!Feumile strength. - The results of the elevated-tena>erature tensile- 
Strength evaluetim Of the 65 percent TIC P ~ U S  20 perca t  CO plus 15 per- 
cent (CbTaTI)C c e r d  are ahown in table I. Figure 8 Bhm a com- 
parison of the tensile strengthe of t h i s .  ceramal and the 80 percent TIC 
plus 20 percent Co c m  of reference 6. me w e  of 15 percent of the 
mixed carbide solid s o l u t i a  of 'cs, Cb, ad Ti can be associated with 
a reduction in the average teamile strengths from 33,200 to  32,000 pounds 
per squere inch and from ll,050 t o  8ooo pound8 per square inch at 18OOO 
and 22000 F, respectively. Modified TIC ceramal specimnnR containing 
nickel were not available and were not included in this  particular 
evsluatioa. Elongation was not measured. 

Madulus of rupture. - The mrodulus-of-rupture strengths of the - 
Tic plus (CbTa!Et)C ceramals contafning 20 percent Co or 20 percent 1pI 
are shown in table 11. A comparison of the modulus-of -rupture strengths 
of these ceramls is presented. i n  figure 9 where- it is shown that the 
20 percent  nickel ceremal is lower in strength thsn the 20 percest cobalt 
ceramal at a l l  temperatures stud.l*., ..-*. . B g e  reductions in strength 
are f'rom 5 7 , 7 0 0 " ~ - " 4 7 , ' 9 ~ " ~  per square inch, from 36,300 to  24,650, 
from 17,900 to  9950, and from loo0 to  975 pounaS pew sqyare inch for m 

180O0, 2ooo0, 22000, and 2400° F, respectively. Apparently, the use of 
nickel  rather than cobalt in the 'PIC plus (CbTsTi)C ceramal results 
in less  strength. Tbe calculated percent  elongation for either material 
is negligible, aa may be seen frolm table II. 

shock. - The result6 of the thensal-shock evaluation of the 
three ceramal  compositions are presented in table III. Both  the 
TIC p l u  (CbTaTi)C cermd.6  contaiping either ,20 percent  cobalt or 
20 percent  nickel survived the-100 cycles-of  testing when quenched with 
air a t  265 feet per second. The a i r  velocity wss therefore  increase8 t o  
495 feet per second in an effort  t o  cause  specimen failure in order t o  
differentiate among the thermal-shock resistance of these  materials. 
In this test, three out of three 80 percent mC: plus 20 percent Co ceranusl 
specimens survived 100 cycles. One sp@m?n out of three of the 65 per- 
cent TIC Plus 20 percent Co plus 15 percent (CbTaTI)C ceramal survived 
100 cycles o f t e i b g ;  the 
failed during the  50th and 

remaining two specimens of this colqposition 
52nd cycles.  Tbe'specbem  failing at the. 52nd 

c 

. .  
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cycle was chipped insdverted2y during testing and feiled as a result  of 
this chip . TWO TIC plus M. plus ( W a T i ) C  spectmens survive& 100 cycles ; 
one speclmen %ilea at  34 cycles. The tenqerature was then increased. 
t o  26000 F in an effort to Further dlff’erentiate among the “ s h o c k  
resistance of these three materials. One specimen of the l t lC  plus Co 
plus ( C H ! ~ I ) C  ceram~l which had success- s - d  100 cycles of 
testing with air at 495 feet  per second was mibjected to an additional 
22 cycles at 260O0 F for 8 total of 122 cycles before failure; some 
oxidation occurred. One specimen of the 80 percent TIC plus 20 per- 
cent Co cernmnt  which had been tested prevlmely wtth air at a velocity 
of 495 feet  per second. was then tested at 26000 F. Thie spec- failed 
after 5 cycles at 260O0 F far a total of 105 cycles. However ,  this 
specimen sufferea severe  oxidation at  this tenperature, and the results of 
this particular te s t  could not be properly interpreted; hence, further 
testing at  this c&tion wa8 iiiscontinued.. 

.1 

In order to differentiate between the thermd-shock resishnce of the 
n c  plus (CbTai)c plus  either H i  or CO, water-thermal-shock test 
was used. The water-quench test was comperativelg free of oxidation 
effects. m c -  previously quenched at the lower alr velocity were used. The results presented in ale III suggest that the cernmR1 
contahbg  cobalt has the better aermal-sh0d.c resistance. The relative 
thermal-shock resistance of the three c-sttions considered, in o r d e r .  

of decreasing superiority, wwld appear to be (a) 80 percent Tic 
cent (cbTdCi)C and (c) 65 percent T ~ C  plus 20 percent R i  plus 15 percent 

. a  plus 20 percent Co, (b) 65 percent TIC plus 20 percent Co plus 15 per- ’ 

- (CbTaTi)C . 
During the dr-thermal-shock test, the oxidation  resistance of the 

ceramals conhedninn (CbTaTi )C was observed to be superior t o  that of 
the 20 percent Co plus 80 percent TIC ceramal. It has been found that 
the o a k t i o n  resistance of a TIC ceranml contahlng spproxlmately 20 per- 
cent N i  is  somewhat poorer In axida-tion resistance than that of an 80 per- 
cent TIC plus 20 percent Co  ceramal. Hence, the we of (CWalc i )C  with 
either Ti(: plus Co or  TiC plus Hi caremals probably results in iqproved 
olddation  resistance . 

Phase 1, low-stress operation. - The. -st phase of the blade 
evaluation  revealed that the use of (CM!aTI)C i n  the TIC plus C o  ceramal 
greatly inhibits b h d e  OxiaStirrn operation; this ispin agreement 
with the data reported in reference 2. From tables N asd V (runs 1 
to 3, inclusive), it is seen that: (a) Better results were obtained. with 
plated, snug-f ittea roots than with naqplated, loose-fitted  roots , 
(b) capper plate was more effsctive than nickel  plste in prevent- 

- 
- ceramal-blsde-root €Wlure, (c) the alloy block caet about the ceramal-blade 

. . . _  



The loosely fitted blades were investi&ed on the ppxmise that the 
major cause of root failure is vibratorg  stress and that these stresees 
could be lessened, if the blade were perrmitted to pivot In the dovetall 
s l o t  rather .t;han be r igidly held. The results  indicate, however, that 
high local  stresses  cawed by surface 3qperf'ections or poor f i t  of the 
blade in the wheel, OF both, are -8 l3.IW.y t o  cause blade failure, 3 
and that a blanket of a ductile m a t e r h l  between the blade and wheel 
redistributes high local stresses. 

Jl 

Root design D, illustrated in  figure 1, was investigated on the 
assumption that an allqy block  cast about a ceramal blade root  would 
fuse t o  the b l a h ,  and ~ l l  inthmte contact, which would be maintained, 
prould result. A metallographic study of the alloy-ceramal interwe 
(fig.  10)  revealed that the cBTamal and S-816 alloy block did not Fuse. 
!QLIs presented the possibility that either plastic deformation or 
differential expsneion would occur, upset the contact, and result 3x1 
high local streesee. A failed blade (25.3 hr of operatim) of thia 
de~ign IS shown in figure U. Because the CoefYIciemt of expaneion of 
the B-816 alloy used is about 60 percent peater tbsn that of the ceremal 
material, it is likely that  themdl. streesee were introduced i a t o  the root 
anB hastened the failure of these blades 

- 
Two blades, ueed in run 2, &e run 78 and lll hours at tenperatures 

of 1500° to l9@ F and at speeds of 10,OOO to l5,OOO rppa. After 78 hours 
94 percaat and after I2.l hours 95 percent of the 136 Stell i te 21 blades 
had failed. These cerarrvrl blades experienced negligible oxidation. 

Phase 2, severe-stress  operation. - The remlte of W e  phase of the 
evaluation may be obtained fKw a study of 4 to 9 inclusive, tsbles TV 
and V. W i t h  %he exception of cme blade which was destroyed as a- result  
of a 'wheel-rim failure, all ceramal bhdes fslled at  the  neck-roll  junctfon. 
The results e not concluive r e g m u  optimum root-plate  thickness. 
Platirnrm is the m e t  &slrable msterial inasmuch as it deteriorated  less . 
me two blade de~iepls, B and C, end the various root  plates  investigated 
were not satisfactory far this severe-stress  operation. Platinum plate  
over 0.008 inch thick waa inpracticable  to  obtain, and because the object  
was t o  compare copper and plat- op an equal-thichess basis, the capper 
plete waa limited to 0.008 inch. The blade of design C, TIC plus !Ti 
plus (CbTaTi)C, ran for 2.8 hours; fa3I.m occurred in the root above 
the  neck-roll  junctlm as i l lustrated In figure 12. It is thus indicated 
that this arrangement did relieve,  stress-concentration a t  the neck-roll 
junction  but caused another p& of the  root to became cr i t ical .  Further 
investigation of t h i s  approach is appafentlg -cat&. The use of 
0.005-inch-thick copper shim was investigated as a convenient and L 

eqeditiw method; th ie  method was found not t o  be very promieing. 
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The results indicate that both  the 65 percent TIC plus 20 percent 
Co ~lue 15 percent (CbTaTi)C and 65 percent Tic plus 20 percent Eli 
plus 15 percent (CbTaTi)C ceramals should certainly be considered 
further for gas-turbine-blade -e. !i%e OxIdation resistance of either 
of these materials appe-s t o  be abpuafe for practical blade application. 

d An investigation of the turbine  blade l i fe  and of some of the  physical 
properties of titantmu carbide base  ceranmh contat~3ng either n i c k e l  

mixed cezbiaes of colmiblum, titanium, and tantalm ylelasa the following 
results. 

- or  cobalt aPa with or without the  addition of a soUd solution of the 

1. Two TiC plus Co plus (CIfCdTd.) c blades ran 78 and lll h m s  
and survived 94 and 95 percent,  reepectively, of a 136-blsde S t e l U t e  21 
Uoy sample at teqperetures of XoOO an& 19ooO P. The wheel speed was 
10,ooO t o  l5,OOO rpn. A thlrd bhde ,  TIC plus mi plus (CWe2i)c ran 
99 hours at 1500' F and 25 hours at 17000 F witlwrut fdlure; aUrhg thb 
time, 100 percept each of a 10-bade B t e l l i t e  21 alloy sample and of a 
3-blaAe 8-816 alloy swle  failed. The remainipg 18 c e r e  blades 
bwestigated fielded poor resulb, ccanpered with their respective alloy 
control bladss . 

2. The use of platinum, capper, or nldkel plate on the base of the 
cere,mal blades was efeective in atendhg bla& root life; plat- 
appeared most effective. 

3. The average short-tirne teneile. strengths of the 80 percent Ti[: - plus 20 percent Co cerrunrrl et 18000 and 22000 F were 33,200 and 
ll,OSO pounds per square inch, respectively, while the short-tims tensue 
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strengths fo r  e 65 percent T I C  plus 20 percent Co plus 15 percent 
(CbTaTF)C cersmal Xere 32,000 and BOOQ pounds per equare inch, 
respectively. The use of nickel rather than cobalt In  .the TIC 
plus (CbTaTi)C ceramal  reduced tge average modulus-of-rupture strength6 
at MOOo, 2000°, 220O0, and 2400 F from 57,700 t o  47,900  pounds per 
sqwe inch, from 36,300 t o  24,650 pounds per equare inch, from 17,900 
t o  9950 pounds per square inch, and from 1000 t o  975 pounds per equare 
inch, reepectively. The.thermal-shock resigtance of' the TIC plus Co' 
ceramal was better than that of the TIC plus Co plus (CbT&Ti)C ceramal, . 
which i n  t u r n  was better tban that of the TIC plus N i  plus (CbT&i)C 
o m .  

" 

" 

4. The use of e so l id  solution of the mixed carbides of Te, TX, 
and Cb i n  the Tic plus Co and TIC plus mi ceramala inhibited  oxidation 
during operation. . 

1. EO-, ~barle~ A., Aut, G. we, snd ~sngler, JEWS J.: m i t w  
Ih'pestigation of Carbide-'Pype C e r a m a l  of 80-Percent Tftanium Carbide 
Plus 20-Percent Cobalt f o r  Use as Clas-TurbFne-Blade bbterial.' 
NACA TN 1836, 1949. 

c 

2. Rehond, John C . , and smith, E. M. : Cemented Titanium Carbide. 
Trm. A.I.M.L., Wtal9 Branch, ~al. 185, 1949, p ~ .  987-993. 

3. Anon: Alloy Castings, Precision Investment, Carroeion and H e a t  
Resistant. AMS 5385A, SAE, kt'. 1, 1950. 

4. Anon: Alloy, Corrosion and H e a t  Resistant. W 5765A, SAE, 
x, 1950. 

5 .  Cooper, A. L., d c o l t e r y a h n ,  L. E.: mevated Temperature Properties 
of Titanium Carbide Base C e r 8 m a . l ~  Contpirdng Wickel. or -on. 
NACA FM E5lIl0, 1951. 

6. Ileutsch, George C.. , Repko, Andrew J., and L i m ,  W i l l i s m  (3.: 
ELevstebTemperate  Properties of Several ,mtagdm Carbfde  Base 
C e r a m d s .  NACA TW 19l.5, 1949. 

. .   . .  . 



TABU3 I - TENSIIE OF 65 PWCZNT TIC PLUS 20 PWCENT CO 

~~ 

1 4 19oQ 
2 4 1900 

5 4 1900 
4 4 2500 

5 4 2300 

~~ 
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Specimen Water quench Total A i r  quench 
Number of cycles camrpleted 

4@to4S°Fwater at velocity of 

~ e r  of cycles completed number 
of 

Quenched from ?F by air Quenched from 9 into cycles 

495 ft /sec 
(8 )  

1800' P12O0O0 FlZZW F12400° F 1800° F I 2ooo0 F 
65 percent TIC plus 20 percent Co plus 15 percent (CbT8TI)C 

b29 1 5 100 25 25 25 25 
b30 

- - 100 25 25 25 25 a33 

- - 52 " 2 25 25 c31 

- 5 100 25 25 25 25 

32 - - 50 " " 25 25 

Bo percent Tlc plus 20 percent co 
e34 

- - 100 25 25 25  25 36 

- - 100 25 25 25 25 35 
- - 100 25 25 25 25 

65 percent TIC plus 20 percent K i  plus 15 percent (CWbTi)C 

b 37 - ' 1  100 25 ' 25 25  25 
38 

- - 100 25 25 25 25 40 

- - 100 25 25 25  25 39 

- - 34 " " 9 25 

a?&cept where noted. 
'Quenched wtth a b  at velocity of 265 ft/sec. 
=This spec-n was blown out of holder and chipped; crack  originated from chip. 
hty-two awti- cyche at 26000 F. 

i Wlve  additional cycles a t  26000 F; heavily oxidized. 
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I I (Or) I 

- 
4 

5 

6 

7 

B 
9 

- 

20 

20 

20 

eo 
za 
eo 

0 

0 

80 
0 

0 

0 

II 
II 

. R  
TI 

m 
m 

Ph". I Plue S 

LO 
100 3 8" 
100 lo6telJ.itea rn 1 Pt plrk, 0.0075 in. B l.24.72 1700 22,850 
( 4  

LO 

(a1 
100 3 8" 
100 lo6telJ.itea rn 1 Pt plrk, 0.0075 in. B l.24.72 1700 22,850 

"- - 

I I . 
- ... . . . .  . . - . . . . . . . . . . . . 

I 

mm 
- .. . ... . . .  . . . _. 
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1 
1.17 

0.95 
1.45 
1.95 
2.45 
2.95 

~ 3.45 

4.72 

lSO0 
16 00 
1700 
lmo ' 

1850 
1900 

1900 

10,ooo 

10,Ooo 
0 10,OOo 
0 10,Ooo 
0 

10,Ooo 0 
10,Ooo 0 

0 

12,500 25 

0 
0 
0 
0 
0 

17 

100 

plate: (1) 2-mo p: 
(2) 2 0.oa 
(3) 2 0.OM 

0.77 0.77 1500 10,ooO 
.50 1.27 1600 .. 10,OOO 
.50 1.77 1700 10,ooO 
.50 2.27 1800 10,OOO 
.65 2.92 1850. 10,000 
.50 3.42 1900' 10,OOO 

2.00 5.42 1900 12,500 
.51 5.93 1900 l5,ooO 

10.49 l6.42 1900 15,OOO 
61.76  78.18 IS00 15,OOa 
32.82 111.00 l9Oa l5,Ooo 

ate, d s e  f i t  
-Inch NI p d e ,  
-Inch cu plate,  

55 
50 

94 

Type (l), ceremal bLade 
'Pyge ( Z ) ,  ceramsl bla& fkIle3. 
Type (2), cerame.l bl&e failed. 
Ty-pe (3), ceramal bla% fallel. 
Type (3) ,. ceramal blafle faxlei. 

A 
Run 3: mer of alloy control blade8, 213 nmiber of ceramal bla&es, 2; 

- ceramel bla3e, %sign D, p la in  and m o a i f l e 3  Z%C plue Co bladee. 

0.10 Ceranvll fa i lea  at top of root 50 0 l5,ooO 1900 0.10 
casting. 

CRatblU 
25.20 Ceramal failed at tcp of root 100 57 15 ,OW 1900 25.30 - 
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J!ime 
esng?les saqUs Weed blade tive (hr) 

R-kE Ceremal U y  Wheel Estimated Cumula- 

tw 

cent) cent) ((-) 
(Per- (Per- ature b )  
failed failea (-1 temper- 

Run 4: Wuniber of alloy control blades; 20; m e r  of cermuel blades, 1; 
ceramal blade, design B, modified Tic plue Ca; ceramal-blade 
root plate, 0 .W-inch copper. . - 

3.33 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
5.47 

- I 0.33 .SO 
.67 
.84 

1.01 
1.- 
1.35 
1.52 
1.79 
5.26 

16,750 

21,750 

26,000 

I 

0 
a 
0 
0 
0 
0 
0 
0 
0 
0 

i 
- 
3 .25  
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 

1.29 

Run 5 : Rumber -of alloy control blades, 20; number' of ceramal b u s  , 1 ; 
ceramal blade, design B, modified. TfC plus Co; cermal-bla&? I 

0.25 
.42 
.59 
.76 
.93 

1.10 
1.27 
1.44 
1.61 
2.90 

root D l a t e ,  0.OOe-inch c( 

16,750 

19,500 

21 , 750 

25, OOO 

20,750 

26 , OOO 

0 
0 
0 .' 
0 
0 
0 
0 
0 
0 
0 

Wheel ilovetdl s l o t  failed, 
all- ceramal bladd 
pull art and become destroyed I 

100 Ceramal failed at  neck-roll 
junc t Ion 

=s7 
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Timie rmnh- t d t e d  

- 
0.42 
.17 
.17 
.17 
.17 
.17 
.17 
.17 
.17 

.7.47 
- 

Ftun 6: Nuniberr of a l l o y  control blades, 20; of c e r p d  -6, 1;" 
ceramal blade &sign B, modified TIC plus Co; ceramal-blade root 

0.42 
.59 
.76 
.93 
1 .lo 
1.27 
1.44 
1.61 
1.78 
19.25 

L 

19,500 

21,750 

C e r a  bla8e.falled at neck- 
root junction. 

1 I 

Run 7 t  H&er of allay Control blades, EO; numb- of ceramal blades, 1; 
ceramal blade!, desiepl B, mdified TIC B U S  Co; ceramal-blade root 
plate, 0.005-inch pla.tinum. 

1600 
.17 1600 

1 6 0 0 '  

1600 

=,m 

19,500 

22,500 

16,750 
18,000 

20,750 
21,750 

0 
0 
0 
0 
0 
0 

i o  

- 
0 
0 
0 
0 
0 
0 

100 ceramal blade failea at neck- I I r o n  junction. 
Ftun 8:  Rimrber of slloy control bldlee, 20; nunibetr of ceramal blades, 1; 

ceramal blade, des- B, mllifled TIC plus HI; ceramal-blde root 
covered with 0.005-Wh copper shim. 

0.53  0.53 1600 l5,OOO 0 0 
.17  .70 1600 16,750 0 0 
.17 .87 1600 18,000 0 0 .25 1.12 1600 . 19,500 0 100 Ceramsl blade failed at neck- 
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I 

. 

I "  I time 

Run 9: Number of alloy cbl 
ceramal b l a b ,  Bee: 
plate. 0.005-lnch I 

n 
1 
3 

0.33 

1.76 -17 
1.59 .17 
1.42  .17 
1.25 .17 
1.08 .25 
.i33 .33 .50 .17 

0.33 

.17 1.93 
-92 2.85 

=,OOo 
16,750 
18 ,OOO 
19,500 
20,750 

23,000 
24,000 

26 ,OOO 

21,750 

=,OOo 
I 

22 J 850 

0 
B 
b 

trol blades, 20; nmber of ceramal blades, 1; 
ga.c , --fled n c  plue HI; ceramd-blabe root 
Opp- * 

0 0 .  
0 0 
0 0 
0 0 
0 

0 0 
0 0 
0 0 
0 

Caramal blade .failel in neck- 1M . 0 
0 0 

. _. 

r o l l  junction 
lntrol bladelei, '20 StelUte 21 and 3 5-816; num- 
.des, 15 ceramal blade, rleeign B, ma3d'ied.W 

root plate, O.OQ75-lnch platinum. . 

Alloy senples R€!lECke Cersmal 
fai led s w l e  

(perc-t) fa i led  

S t O i t e  21 5-816 

20 0 0  

loo Ceranmlblade intact 0 1oQ 
after operetion 

v 

. .   . .  
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(a) Teqperature, '16009 F. 
I 

:b) "peratwe,, 22000 F. - 
. -  . .  . .  
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